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DETERMINATION OF THE LOWER FERMAFROST BOUNDARY

V. A+ Kudryavisev

There have been many searches for minersls in permafrost areas in the
lest decade. These explorations usually involve the drilling of shafts
whose depths considerubly exceed the permafrost's thickness. The shafts « .
could have been used to study the permafrost layer,especially the depth of
the lower boundary; unfortunately however, the organizations producing the
drilling pursued & narrow production goal, namely exploration for minerals;
and / geologleal documentation of the wells is therefore limited, while data
on permafroat is completely absent in these projects. This untoward sit=
uation is due in part to the unwillingness of these organizations to con=
cern themselves with permafréstidocumentation, but mainly to the lack of
trained personnel and proper equipment, But even when permafrost observe
até$dRs in the shafts are possible, seriqus obstacles are encountered which
make documentation of permafrost difficult.

Deep ahéos, mechanicelly drilled, are flushed with'a,salty amb-rewtwd
solution. The long flushing not onlyugtutorta naturel temperature conditions

\

\
in the shafts, but also melts the frozenhjround end creates a thaw ring

around the shaft. Therefore, the procedure for permafrost documentation
requires that such shafts be left until natural temperature conditions of
the permafrost are restored. Ordinarily, this takes 1 to 2 months or some-

times even longer,
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The production organizations ueually cennot meet such requirements and
cannot permit the shafte to remain at the disposition of the permafrost
goientists for long periods of time. We deem it nececssary, therefore; to
propose a method for determining the lower permafrost boundary which requires
only several hours in all and which can be used during the drilling proocess
without special interruption in the work. The main points of this method
are set forth in this article.

In Yakutsk in 15L3=19kk, P. A. Sclov'yev, & sclentist at the permafrost
gtation, measured the temperature in & hydraulically drilled shaft. These
measurements gave a series of temperature curves (Figure 1) showing the
gradual restoration of normal temperature conditions in the shaft during
the yeor ronowingf::nd of drilling.

The set of curves obtained is extremely interesting and leads to the
following conclusions: 1) the temperature throughout the shaft was positive
(i.e. above 0°C) when drilling endedj 2) heating of the shaft is a maximum
in the upper part and graduslly decreases with depthj and 3) the curves
have a temperature minimum, a point of inflexion, at a depth coinciding vith
the actual lower permafrost Foundary.

Siiilar curves were obtained from the hydraulically-drilled shaft ;io/
at Yakutsk, and also in a number of shafts at Vorkuta and other points.

The coincidence of the point of inflexion with the lower permafrost boundary
prompted Solov'yev to assume a general law‘governing this phenomenon. He
advenced this hypothesis only on the basis of field observations, without
any attempt at theoretical explanation, Later, however, his assumption was
confirmed and as we shall see proved to be easily explained in theory.

Untdil drilling ends, the temperuture throughout a shaft will be approx-
imately equal to the temperature of the solution. The thawrting around the

shaft will be of the form of a truncated cone with the base turned upwards,
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i,0., the redius of the thawed area 16 a maximum a% the top and gradually
decresses downwarde (Figura 2). The thew ring will be of this form becsuse
the upper part of the shaft is flushed for a longer pericd of time than
the lower part.

Tn acoordance with the gonerel theory of heat conductivity, all other
conditions being equal, the amount of heat passing througé:unit oross=section
will be directly proportional to the temperature gradient.

In our case, the speed of restoration of natural tempnrature conditions
in the shaft will be directly proportional to the temperature gradient
existing right at the shaft wall, which will be the ratio of the temperature
bp in the shaft to the radius of tha thaw ring.

Since tp immediately after drilling ends is equal throughout the shaft
while the radius of the thaw ring is & maximum at the top and gradually
decreases with depth to the 1ower boundary of the permafrost stratum == then
the speed of restoration of naturel temperature conditions will naturally
ﬁe a maximum &t the lower permafrost boundary and gradually decrease upwards.
The speed of restoration of natural temperature conditions will be a
minimum at the top of the shaft. Thus, within a certain time after drill-
ing ends, the temperature distribution with respect to depth in the shaft
is expressed by & sloping straight line with a smooth temperature decrease
from the upper to the lower permafrost boundaries.

In the thawed stratum underlying the permafrost, the: temperature gra-
dient will be equal to the difference between the temperature of the 801~
ution and the naturel temperature of the thawed ground divided by the radius
of the heated area. Since the natural temperature inoreases downwards from
the lower boundary of the permefrost because of the normal temperature
gradient, the tempersture gradient ab the shaft wall in a direction normal
4o the shaft axis will be meximum &t the 1‘5«%%;:oundm and gradually

decrease downwards.
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Thus, the speed of restoration of & naturel temperature conditions

will also be & meximum at the lower pernafrost beundary and gradually de-

orease downwards, Because of this, within a certain time after drilling
ends, the distribution of temperature in the shaft below the lower permas
frost boundary with respect to depth will correspond io & sloping etraight
1ine with & smooth temperature increase from the lower permafrost boundary

t downwards, Consequently, within s certain time after drilling ends, an

1 inflexion should be obtained in the temperature ourve at the lower permafrost
i boundary, exactly ae is actually obtained (Figure 1)i

The preceding considerations show that exact coincidence of this

inflexion in shafts with the lower permafrost boundary is & completely reg-

ular phenomenon, explainable, and should appesr most prominently immediately
after drilling ends, vhen natural temperature conditions have not yet been
restored.

Thus, it is no longer necessary to wait until natural temperature
conditions are completely restored in the shaft in order to determine the
depth of the 1ower permafrost boundary. It is sufficient to conduct tem= !

perature messurements in the shaft seyeral hours after drilling ends in
order to obtain a temperature curve with an inflexion which will accurately

show the depth of the lower permefrost boundary.

It is interesting %o note that the lower permafrost boundary can be
determined in a shaft around which the frozen aresa has thawed completely,
gnd in whieh positive temperatures are observed throughout the entire depth.

The method cited for determination of the lower permafrost boundary
is applicable nainly to icy rock. But since there are no absolutely dry ' ,

v

e rocks in neture, this method should be extended to ell rocks, including |
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The difference will consista only in the

«gelled dry frozen gtrata.
the 80=0 o

sharpnees of the inflexion in the temperature curvej i.00, the

oy rocke and glight in dry rocke.
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